INTRODUCTION
Interactions between cytokines and their influence on the activity of the human immune system remain an important subject of many scientific studies (Etna et al., 2014; Sobti et al., 2011) . Among the interlinking network of interactions between cytokines, one of the important nodes is interleukin 18, belonging to the family of interleukin 1 and expressed by a range of inflammatory cell types. The protein, described for the first time in 1995 and named "IFN-gamma inducing factor", is a pleiotropic cytokine produced by various hematopoietic and nonhematopoietic cells. IL-18 takes part in a number of reactions in the human body and has countless roles ranging from its involvement in maintaining the homeostasis, through not always positive involvement in the development of autoimmune diseases, to a significant role in the prevention of infectious diseases such as tuberculosis (TB) and many others (Akdis et al., 2016; Dinarello et al., 2013; Wawrocki et al., 2016) . Among numerous infectious diseases, pulmonary tuberculosis has been a serious health concern for many years, despite the large-scale prophylactic vaccination with the BCG vaccine (Bacillus Calmette-Guérin) introduced in 1921. A significant problem regarding the incidence of TB is co-infection with the HIV virus and a successive increase in the frequency of isolation of multi-drug resistant TB (MDR-TB). According to the latest data from the World Health Organization, approximately 1.7 billion people in the world are infected with Mycobacterium tuberculosis (M.tb). These infections usually take a latent form, however, in at least 10% of cases they can transform into the active form of the disease. This problem is growing due to the increasing number of people with immunodeficiencies such as patients with autoimmune diseases and cancers, who take immunosuppressive drugs, as well as elderly people who, because of their age, are at a higher risk of reactivation of the latent M.tb infection. The interactions between mycobacteria and the human body at the molecular and cellular levels are still poorly understood. Recent studies demonstrated the existence of polymorphisms within the regulatory sequences of the interleukin 18 gene, which is located at chromosome 11q22.2-22.3 position and consists of five introns and six exons. More specifically, several differences in single nucleotides can alter the way transcription factors are joined, thereby influencing the expression and the immunological activity of IL-18. SNP-type mutations in the -607C/A (rs1946518) and -137G/C (rs187238) positions of the IL-18 promoter region seem to be particularly interesting due to the fact that a change from cytosine to adenine at position -607 may negatively affect the transduction factor cAMP and activation of adenyl cyclase, while nucleotide change at position -137 involving the conversion of guanine into cytosine may influence the activity of the nuclear factor H4TF-1 and result in a potential decrease in gene expression (Giedraitis et al., 2001; Pawlik et al., 2009) . As was shown, IL-18 deficiency increases the susceptibility to mycobacterial infection. Kinjo and others (Kinjo et al., 2002) demonstrated that IL-18 knockout mice, characterized by attenuated production of IFN-γ, were more prone to M.tb infection than wild-type individuals. Therefore, genetic variations within the IL-18 gene might potentially predispose to the development of TB in humans through their influence on the expression of the cytokine and, subsequently, IFN-γ-mediated Th1 response.
Single nucleotides polymorphisms (SNPs) in many cytokine-encoding genes are attributed to ethnicity and occur frequently in the Far East populations. Literature data on the occurrence of such SNPs among Caucasians is contradictory (Akdis et al., 2016; Giedraitis et al., 2001; Zhou et al., 2015) . In our study, we tested the hypothesis whether two promoter polymorphisms of the IL-18 gene at positions -137G/A and -607A/C might contribute to TB susceptibility in the Polish population. We compared the allele and genotype frequencies of polymorphic variants between TB patients and healthy controls as well as assessed their serum concentration of IL-18.
MATERIALS AND METHODS

Study subjects.
A study group consisted of 192 HIVnegative adults vaccinated with M. bovis BCG including 68 patients with pulmonary tuberculosis (37 males, 31 females) aged 21-81 years hospitalized in the Regional Center Hospital for Tuberculosis, Lung Diseases and Rehabilitation in Lodz, Poland and 124 healthy volunteers (38 males, 86 females) aged 18-84 years, who had never had tuberculosis. TB diagnosis was established by ZiehlNeelsen staining of sputum smears and M.tb culture as well as chest radiography and standard clinical examination by infectious disease consultants. All subjects had given written informed consent to participate in the study, which was approved by the ethics committee. Blood samples obtained from the volunteers were used for DNA isolation and assessment of polymorphisms in the promoter region of the IL-18 gene, whereas serum was used to assess the level of IL-18 protein.
DNA isolation. Genetic material was isolated from 2 ml of peripheral blood obtained from all volunteers using EDTA tubes and the BD Vacutainer ® Blood Collection system. DNA isolation was based on the use of a commercial QIAamp ® DNA Blood Mini set and was carried out from the buffy coat obtained after centrifugation (150 × g, 4°C, 10 min). The isolation process was fully compliant with the manufacturer's guidelines enclosed in the kit's instructions and carried out within no more than 2 hours from the collection of the blood sample. The extracted DNA was stored at -80°C until analyzed.
Quantification of serum IL-18 level. Serum in a volume of approximately 1 ml was obtained from subjects using BD Vacutainer ® Blood Collection system tubes and was used for evaluation of IL-18 protein level by Human Total IL-18 DuoSet ELISA (R&D) according to the manufacturer's instructions.
IL-18 SNPs genotyping. Polymerase chain reactions (PCRs) were performed using the primers for 2 promoter SNPs: rs187238 (-137G/A) and rs1946518 (-607A/C). For -137G/A SNP: 5'-CCCCAACGGAA-GCTTTTAAAAAG-3' (-137G allele-specific), 5'-CC-CCAACGGAAGCTTTTAAAAAC-3' (-137A allelespecific) and 5'-AGGAGGTGCGCAAAAACTGG-3' (common reverse) primers were used to amplify a 261-bp product. A control primer 5'-CCAATACTGG-GAATTATTCCGCA-3 ' and the same common reverse primer were used to yield a 446-bp product as an internal positive amplification control (Fig. 1A) . For -607A/C SNP: 5'-GTTGAAGCAAGTGTAATTAT-TAAAAA-3' (-607A allele-specific), 5'-GCAGAAGT-TAGTGTAAAAATTATTAC-3' (-607C allele-specific) and 5'-CCTTAACATCTTGGATCACC-3 ' (common reverse) primers were used to amplify a 196-bp product. A control primer 5'-CTTTGCCATTATTCCAGGAA-3' and the same common reverse primer were used to yield a 301-bp product as an internal positive amplification control ( Fig. 1B) (Giedraitis, 2001 ). Reactions were performed in a Biometra PCR thermocycler using Bio-Rad reagents including iProof™ High-Fidelity DNA Polymerase. At the first step, denaturation was performed for 2 min at 94°C, followed by seven cycles of 94°C for 20s, 64°C for 40s and 72°C for 40s and after that 25 cycles of 94°C for 20s, 57°C for 40s, 72°C for 40 s. The PCR products were visualized by electrophoresis in a 2% agarose gel stained with ethidium bromide using a documentation system Gel Doc 2000 (Bio-Rad).
Statistical analysis. Statistical analyses were done using Statistica 13.0 PL software (StatSoft, Poland). HardyWeinberg equilibrium (HWE) was tested using a webbased program (http://ihg2.helmholtz-muenchen.de/ cgi-bin/hw/hwa1.pl). Differences in allelic and genotypic frequencies between TB patients and healthy volunteers were compared by Pearson's chi-square test or two-tailed Fisher's exact tests when analyzing frequencies were lower than five to determine statistically significant differences between the studied groups. Odds ratios (OR) with the respective 95% confidence intervals (95% CI) The electrophoresis was done on 2% agarose gel at 5 volt/cm for 2 hours. Lane 1: DNA molecular weight marker, lanes 2-6: samples. Interleukin-18 gene variants on tuberculosis susceptibility in the Polish population were also calculated. Probability values of 0.05 or less were regarded as statistically significant. Differences in serum IL-18 levels were analyzed using the Mann-Whitney U-test. The logistic regression analysis done for the important main and interaction effects was performed using the SNPstats software (http://bioinfo.iconcologia. net/SNPstats).
RESULTS
Genotype and allele distribution of polymorphisms in the IL-18 promoter region among TB patients and healthy controls
The distribution of IL-18-(137G/A)or IL-18(-607A/C) genotypes in TB and HC groups is shown in Tables 1  and 2 . There was no evidence to reject the Hardy-Weinberg equilibrium (HWE) hypothesis in both TB and HC groups at the standard significance level of 0.05.
The dominant homozygous G/G IL-18(-137G/C) genotype was the most frequent among the studied groups occurring in 47% (32/68) TB patients and 48% (60/124) healthy volunteers ( Table 2 ). The frequency of G/C IL-18(-137G/C) genotype in the groups under study was also similar, at 43% (29/43) among TB and 42% (52/124) among HC subjects. The C/CIL-18(-137G/C) genotype was equally uncommon (10%) in TB and HC individuals (Table 1) .
Similarly to IL-18(-137G/C) genotypes, IL-18(-607C/A) gene variants were comparatively distributed among TB and HC groups ( Table 2 ). The heterozygous C/A IL-18(-607C/A) genotype was found in 51% (35/67) patients with TB and 54% (67/124) healthy controls, whereas C/C IL-18(-607C/A) homozygosity occurred in 40% (27/68) TB patients and 34% (42/124) healthy individuals. The least frequent genotype was the A/A IL-18(-607C/A) variant (Table 2) .
Haplotype frequencies analysis
A pair-wise nucleotide analysis revealed no significant differences in the frequencies of four haplotypes between TB patients and healthy controls (Table 3) . The "CG" haplotype was the most common in both studied groups, occurring in 60.6% of TB patients and 57.6% of healthy controls. The rarest "CC" haplotype was found in 4.8% of TB patients and 3.2% of healthy individuals (Table 3) .
Effect of IL-18 gene polymorphism on serum IL-18 level
Statistical analysis of the serum IL-18 levels in the studied groups showed a significantly higher concentration of IL-18 among TB patients (880.2±1079.1 pg/ ml) compared to healthy controls (467.4±462.4 pg/ml) (p < 0001). Our results showed higher IL-18 levels in the sera from homozygous -137C/C and -607A/A carriers from both groups when compared to the concentrations in the sera from the other individuals, however, the observed differences were not statistically significant (p > 0.05) ( Table 4) .
DISCUSSION
Most of the scientific reports in the past focused mainly on pathogen-host interactions, attributing an increase in susceptibility to the misfortune and unique features of the pathogen. Genetic factors and predispositions were closely related only to such diseases as cancer and cardiovascular diseases, and no one linked them to infectious diseases. Today, we know that these assumptions were not correct, studies from the late '80s clearly showed that the genetic background can be even more important in the development of infectious diseases than in the cardiovascular disabilities (Möller & Hoal, 2010) .
The best way to determine human susceptibility to infectious diseases is a comprehensive analysis of the genome through a large-scale sequencing of the genetic material from many cases and controls. This method has many advantages and allows tracing any potential mutations and genetic changes affecting the incidence of disease. However, this approach has also many drawbacks such as high cost and potential difficulties in analyzing a huge amount of data representative for all the world's populations (Möller & Hoal, 2010; Hirschhorn & Daly, 2005) .
After finding the evidence for linking the selected genome region to the susceptibility to the disease, genetic and physical maps are created based on the case studied to narrow the chromosome interval and allow gene identification or positional cloning in complex diseases where the function of the involved gene is not exactly known nor well described. In the case of pulmonary TB, recent linkage studies described many chromosomal regions which contain some genetic variations that affect the susceptibility of specific populations to the disease. This is worth emphasizing because the research units were most often able to find the characteristic variations only for a given group. Valuable scientific research and literature reports concerning susceptibility to pulmonary TB include: study on the population of Gambia and South Africa indicating the chromosome regions 15q and Xq described by Bellamy and others in 2000 (Bellamy et al., 2000) , analysis of patients from Morocco and the 8q12-q13 chromosomal region described by Baghdadi and others in 2006 (Baghdadi et al., 2006) or the Thai population described by Mahasirimongkol in 2009 (Mahasirimongkol, 2009 ) with the 5q23.2-q31.3 region and many others. These experiments were also based on the evaluation of many other parameters and diagnostic tests. What is worth pointing out is the fact that all the mentioned research papers described different regions of the human genome. The observed lack of similarity in the occurrence of susceptibility regions in these studies is probably due to the combination of many factors. Moreover, the sought-after genetic markers of susceptibility to TB are unique to a specific family or population, making them impossible to be confirmed in the studies on other populations. This confirms the thesis that this type of approach is possible only through a large financial outlay and examination of a very large group consisting of TB patients and healthy controls from numerous populations. Therefore, it seems more practical to focus on one selected gene whose expression corresponds, for example, to the production of a selected cytokine or which is known for its involvement in the development of the studied disease such as TB. This approach allows the assessment of susceptibility and focusing only on the key elements associated with the development of disease and immunity. A significant role is played by the occurrence of SNP-type mutations in genes of cytokines directly related to the development of TB. IFN-γ, encoded by the IFNG gene, is secreted by Th1 cells as the main cytokine, which activates macrophages and is critical for controlling the development of M.tb infection. Epidemiological studies, including extensive meta-analysis, suggest links between IFNG polymorphism at +874 T/A (rs2430561) position and TB development. IFNG polymorphism is the most common studied polymorphism in terms of TB susceptibility, sites, and severity, however, those associations are still the subject of research due to population differences (Baghdadi et al., 2006; Bellamy et al., 2000; Hashemi et al., 2011; Mahasirimongkol et al., 2006; Shen et al., 2017; Wei et al., 2017) . Other cytokine polymorphisms determining the outcome of M.tb infection are located in genes encoding TNF-α (-308G/A, -863C/A, -857C/T and -238G/A), IL-12 (641A/G, 684C/T, 1094T/C, and 1132G/C) and IL-10 (-1082G/ A, -819T/C, and -592A/C) (Fol et al., 2015; Han et al., 2011; Kim et al., 2012; Liang et al., 2014; Yi et al., 2015) . In our study, we assessed the frequency of two polymorphic variants (-137G/C and -607C/A) in the promoter of gene encoding IL-18, the most powerful inducer of IFN-γ. The polymorphism at position -137 was described by Giedraitis and others in 2001 (Giedraitis et al., 2001), who showed that the occurrence of dominant homozygous genotypes resulted in an increase in TB incidence up to 1.6 times. Our observations did not confirm these results. Although the dominant homozygous IL-18-137G/G genotype was the most frequent in the whole population, there was no difference in the frequency of the genotype occurrence among TB patients (47%) and healthy controls (48%). Interestingly, the percentage of the IL-18-137G allele in the Polish population (68.5%) was found to be lower than that in the Chinese Han population (86%). The diversity of the allele distribution may partially explain the differences in TB susceptibility between races. Two other polymorphic variants -IL-18-137G/C and IL-18-137C/C were distributed similarly among the studied groups of Poles. All these data suggest that IL-18(-137G/C) SNP does not contribute to TB susceptibility in the Polish population. Similarly, the results by Zhou and others did not show any significant differences in the distribution of the C/C(-137G/C) genotype, however, the frequency of the G/G(-137G/C) genotype among the Chinese was significantly higher in the TB group than in the healthy control group. The authors suggested that the IL-18-137G allele might be a predisposing gene of TB, while the IL-18-137C allele played a role in preventing M.tb infection. The explanation for these discrepancies is difficult to find. Identified cytokine polymorphisms might be population-specific and associated with the resistance to mycobacterial infection in some but not all world's populations suggesting that they may serve as markers of TB susceptibility only in specific ethnic groups (Delgado et al., 2002; Zhou et al., 2015) . In our study, neither genotypes nor allele frequencies of IL-18(-607C/A) SNP showed differences between TB patients and healthy controls. These observations are consistent with the results obtained by Harishankar and others, Taheri and others and Zhou and others in the South India, Southeast Iran, and Chinese Han populations (Harishankar et al., 2007; Taheri et al., 2012; Zhou et al., 2015) . The proportion of the IL-18-607C allele in the Polish population (63%) is similar to that observed among the Iranians (58.8%) or the Chinese (53.3%).
To assess the effects of the IL-18 gene promoter SNPs on the expression of IL-18 protein and, consequently, on TB susceptibility, we measured IL-18 levels in the sera from the studied individuals. Our data did not confirm any effect of either IL-18-(137G/C) or IL-18(-607C/A) polymorphisms on IL-18 producing capability. Serum levels of IL-18 from each of the carriers were similar, however, in the group of TB patients, the observed concentrations of the cytokine were significantly higher than those measured for the controls. It indicates that the increase in the serum IL-18 level observed in TB patients has no genetic background, but is probably a consequence of M.tb infection. Lack of association between serum IL-18 concentrations and the IL-18 genotype was also observed by Evans and others (Evans et al., 2007) . On the contrary, Zhouand others demonstrated that IL-18-137G/C polymorphism influenced the production of IL-18 by peripheral blood mononuclear cells (PBMCs) and showed that PBMCs from IL-18-137C/C individuals produced higher levels of IL-18 than those with the IL-18-137G/G genotype. Several studies also reported that alleles of the IL-18(-607C/A) SNP are associated with different promoter activity of the IL-18 gene (Sivalingam et al., 2003; Takada et al., 2002 ). An example of such research is the study by Takada and co-workers, who demonstrated that in the Japanese population the C allele was correlated with the greater transcriptional activity of the IL-18 promoter resulting in the higher expression of IL-18 (Takada et al., 2002) . However, our results are contradictory to those reporting such a relationship. The discrepancies could be due to many reasons. First of all, a low sample size of our study could have resulted in the limited power of detection of the studied genetic effect. Secondly, it is possible that the studied SNPs do not determine disease susceptibility directly, but are in linkage disequilibrium with other functional but so far unknown alleles. Finally, the differences in SNP-associated susceptibility may be ethnicity-related and present in specific populations all over the world.
In summary, our results suggest that IL-18(-137G/A) and IL-18(-607A/C) polymorphisms may not be the risk factors for susceptibility to TB in the Polish population. It will be utmost interesting to validate these findings with a higher sample size and to perform functional studies assessing the transcriptional activity of the IL-18 gene.
